Background Childhood cancer survivors are at a higher risk of developing health conditions such as osteoporosis, and cardiovascular disease than their peers. Health-promoting behaviour, such as consuming a healthy diet, could lessen the impact of these chronic issues, yet the prevalence rate of health-protecting behaviour amongst survivors of childhood cancer is similar to that of the general population. Targeted nutritional interventions may prevent or reduce the incidence of these chronic diseases. Objectives The primary aim of this review was to assess the efficacy of a range of nutritional interventions designed to improve the nutritional intake of childhood cancer survivors, as compared to a control group of childhood cancer survivors who did not receive the intervention. Secondary objectives were to assess metabolic and cardiovascular risk factors, measures of weight and body fat distribution, behavioural change, changes in knowledge regarding disease risk and nutritional intake, participants' views of the intervention, measures of health status and quality of life, measures of harm associated with the process or outcomes of the intervention, and cost-effectiveness of the intervention Search methods We searched the electronic databases of the . Selection criteria We included all randomised controlled trials (RCTs) that compared the effects of a nutritional intervention with a control group which did not receive the intervention in this review. Participants were childhood cancer survivors of any age, diagnosed with any type of cancer when less than 18 years of age. Participating childhood cancer survivors had completed their treatment with curative intent prior to the intervention. Data collection and analysis Two review authors independently selected and extracted data from each identified study, using a standardised form. We assessed the validity of each identified study using the criteria outlined in the Cochrane Handbook for Systematic Reviews of Interventions. We used the GRADE criteria to assess the quality of each trial. Main results Three RCTs were eligible for review. A total of 616 participants were included in the analysis. One study included participants who had been treated for acute lymphoblastic leukaemia (ALL) (275 participants). Two studies included participants who had all forms of paediatric malignancies (266 and 75 participants). All participants were less than 21 years of age at study entry. The follow-up ranged from one month to 36 months from the initial assessment. All intended outcomes were not evaluated by each included study. All studies looked at different interventions, and so we were unable to pool results. We could not rule out the presence of bias in any of the studies.
T A B L E O F C O N T E N
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Background
Childhood cancer survivors are at a higher risk of developing health conditions such as osteoporosis, and cardiovascular disease than their peers. Health-promoting behaviour, such as consuming a healthy diet, could lessen the impact of these chronic issues, yet the prevalence rate of health-protecting behaviour amongst survivors of childhood cancer is similar to that of the general population. Targeted nutritional interventions may prevent or reduce the incidence of these chronic diseases.
Objectives
The primary aim of this review was to assess the efficacy of a range of nutritional interventions designed to improve the nutritional intake of childhood cancer survivors, as compared to a control group of childhood cancer survivors who did not receive the intervention. Secondary objectives were to assess metabolic and cardiovascular risk factors, measures of weight and body fat distribution, behavioural change, changes in knowledge regarding disease risk and nutritional intake, participants' views of the intervention, measures of health status and quality of life, measures of harm associated with the process or outcomes of the intervention, and cost-effectiveness of the intervention
Search methods
We 
Selection criteria
We included all randomised controlled trials (RCTs) that compared the effects of a nutritional intervention with a control group which did not receive the intervention in this review. Participants were childhood cancer survivors of any age, diagnosed with any type of cancer when less than 18 years of age. Participating childhood cancer survivors had completed their treatment with curative intent prior to the intervention.
Data collection and analysis
Two review authors independently selected and extracted data from each identified study, using a standardised form. We assessed the validity of each identified study using the criteria outlined in the Cochrane Handbook for Systematic Reviews of Interventions. We used the GRADE criteria to assess the quality of each trial.
Main results
Three RCTs were eligible for review. A total of 616 participants were included in the analysis. One study included participants who had been treated for acute lymphoblastic leukaemia (ALL) (275 participants). Two studies included participants who had all forms of paediatric malignancies (266 and 75 participants). All participants were less than 21 years of age at study entry. The follow-up ranged from one month to 36 months from the initial assessment. All intended outcomes were not evaluated by each included study. All studies looked at different interventions, and so we were unable to pool results. We could not rule out the presence of bias in any of the studies.
There was no clear evidence of a difference in calcium intake at one month between those who received the single, half-day, group-based education that focused on bone health, and those who received standard care (mean difference (MD) 111.60, 95% confidence interval (CI) -258.97 to 482.17; P = 0.56, low quality evidence). A regression analysis, adjusting for baseline calcium intake and changes in knowledge and self-efficacy, showed a significantly greater calcium intake for the intervention as compared with the control group at the one-month follow-up (beta coefficient 4.92, 95% CI 0.33 to 9.52; P = 0.04). There was statistically significant higher, self-reported milk consumption (MD 0.43, 95% CI 0.07 to 0.79; P = 0.02, low quality evidence), number of days on calcium supplementation (MD 11.42, 95% CI 7.11 to 15.73; P < 0.00001, low quality evidence), and use of any calcium supplementation (risk ratio (RR) 3.35, 95% CI 1.86 to 6.04; P < 0.0001, low quality evidence), with those who received this single, face-to-face, group-based, health behaviour session.
There was no clear evidence of a difference in bone density Z-scores measured with a dual-energy X-ray absorptiometry (DEXA) scan at 36 months follow-up (MD -0.05, 95% CI -0.26 to 0.16; P = 0.64, moderate quality evidence) between those who received calcium and vitamin D supplementation combined with nutrition education and those who received nutrition education alone. There was also no clear evidence of a difference in bone mineral density between the intervention and the control group at the 12-month (median difference -0.17, P = 0.99) and 24-month follow-up (median difference -0.04, P = 0.54).
A single multi-component health behaviour change intervention, focusing on general healthy eating principles, with two telephone follow-ups brought about a 0.17 lower score on the four-point Likert scale of self-reported junk food intake compared with the control group (MD -0.17, 95% CI -0.33 to -0.01; P = 0.04, low quality evidence); this result was statistically significant. There was no clear evidence of a difference between the groups in the self-reported use of nutrition as a health protective behaviour (MD -0.05, 95% CI -0.24 to 0.14; P = 0.60, low quality evidence).
Authors' conclusions
Due to a paucity of studies, and the heterogeneity of the studies included in this review, we are unable to draw conclusions regarding the effectiveness of nutritional interventions for use with childhood cancer survivors. Although there is low quality evidence for the improvement in health behaviours using health behaviour change interventions, there remains no evidence as to whether this translates into an improvement in dietary intake. There was also no evidence that the studies reduced the risk of cardiovascular and metabolic disorders in childhood cancer survivors, although no evidence of effect is not the same as evidence of no effect. This review highlights the need for further well designed trials to be implemented in this population.
P L A I N L A N G U A G E S U M M A R Y
Nutritional interventions for survivors of childhood cancer
Background
Survivors of childhood cancer are at a higher risk of chronic health conditions such as, osteoporosis, metabolic syndrome (including obesity and type II diabetes), and cardiovascular disease. These diseases have the potential to be reduced or prevented with targeted nutritional interventions. 
Description of the intervention
Despite the fact that health-promoting behaviour, such as consuming a healthy diet or maintaining adequate physical activity, could lessen the impact of these chronic issues (Stolley 2009), the prevalence of health-protecting behaviour in adults who have survived childhood cancer is similar to that of the general population (Mulhern 1995; Nathan 2009). There is a strong association in the general population between inadequate physical activity combined with a diet high in saturated fat and sugar and low in fruit and vegetable intake, and symptoms associated with the metabolic syndrome (Pereira 2009). This is of concern, since many adult survivors of childhood cancer do not meet guidelines for fruit and vegetable intake, consume excessive fat, and have an inadequate calcium intake (Demark-Wahnefried 2005; Robien 2008). These poor eating habits appear to be manifesting themselves early after treatment completion. Young childhood cancer survivors have been shown to have an excessive energy intake and an inadequate calcium and folate intake (Cohen 2012). Long-term survivors report barriers to consuming a healthy diet that include taste preferences for higher fat foods and the lack of availability of healthier foods (Arroyave 2008). They may also be unaware of their risk of chronic disease (Nathan 2009), lessening the motivation to change their lifestyle. As childhood cancer survivors are already at a higher risk of long-term metabolic complications as a result of their cancer therapy, poor nutritional intake may be exacerbating this risk. Interventions may need to be age-specific and differ between the older and younger childhood cancer survivor cohorts. Interventions may also need to target specific conditions and high risk groups or may target the general paediatric population. For example, childhood cancer survivors treated for ALL using cranial irradiation are at a higher risk for obesity and subsequently metabolic syndrome (Oeffinger 2008), and therefore, they could be targeted with specific nutritional interventions to reduce obesity rates. In contrast, patients treated with anthracycline are at risk of cardiovascular sequelae (Oeffinger 2008), and therefore, interventions may target not only weight reduction but also aim to reduce cardiovascular risk (Siviero-Miachon 2008). Strategies to manage these chronic conditions may involve prevention interventions for younger cancer survivors or treatment interventions for older cancer survivors. Due to these variations in risk, a "one-size fits all" approach may not be indicated.
How the intervention might work
There is clear evidence that lifestyle changes, including improved diet and physical activity, are effective in the prevention or reduction of metabolic and cardiovascular risk factors in the general adult population (Lakka 2007). A range of nutritional interventions have been reported to be effective in preventing or reducing risk factors associated with the metabolic syndrome. These include: low glycaemic index/high protein diets, increased fruit, vegetable and fibre intake, reduced salt diets and a Mediterraneanstyle diet (Brunner 2009; Tota-Maharaj 2010). A recent Cochrane review assessing nutritional interventions for reducing or preventing cardiovascular risk found that interventions were more likely to be effective in participants who were told of their higher risk of disease (Brunner 2009). In the general paediatric population, little research has focused on the prevention of metabolic syndrome. Rather, there is a focus on prevention and treatment of childhood obesity. The literature suggests that family-targeted behavioural lifestyle interventions, using a combination of nutrition, physical activity, and behavioural components are effective for bringing about change in overweight children (Oude Luttikhuis 2009). There does not appear to be research focusing on the efficacy of specific types of nutritional interventions. As the mechanisms for the increased incidence of these chronic diseases may be different in the general population to the oncology population, the results and recommendations from these studies may not be able to be extrapolated to childhood cancer survivors. Interventions focusing on older and adult survivors of childhood cancer may not be appropriate for the younger survivors.
Why it is important to do this review
As this is a new area of study, there are minimal data in the literature with regard to the most effective nutritional interventions available to reduce the incidence of chronic disease after childhood cancer, despite the ongoing focus on long-term follow-up of these patients. The purpose of this Cochrane review was to assess the literature regarding nutritional interventions developed for childhood cancer survivors, to facilitate the production of best-evidence management guidelines.
O B J E C T I V E S
The primary aim of this review was to assess the efficacy of a range of nutritional interventions designed to improve the nutritional intake of childhood cancer survivors, as compared to a control group of childhood cancer survivors who did not receive the intervention. Secondary objectives were to assess metabolic and cardiovascular risk factors, measures of weight and body fat distribution, behavioural change, changes in knowledge regarding disease risk and nutritional intake, participants' views of the intervention, measures of health status and quality of life, measures of harm associated with the process or outcomes of the intervention, and cost-effectiveness of the intervention.
M E T H O D S
Criteria for considering studies for this review
Types of studies
We included all randomised controlled trials (RCTs) that studied the effects of nutritional interventions in this review. There was no limit to length of the intervention, type of intervention, or length of follow-up.
Types of participants
Studies that involved childhood cancer survivors of any age, who were diagnosed with any type of cancer when less than 18 years of age were eligible for the review. Participating childhood cancer survivors had completed their treatment with curative intent prior to the intervention. We also included studies including parents and/or carers of this participant group if the parents/caregivers were involved in the intervention or reported on the participant outcomes. Treatment included chemotherapy and/or radiotherapy. We excluded studies which included participants with a comorbidity that may have affected eating, such as autism 
Types of interventions
Strategies
We included interventions that included educational and counselling strategies, health promotion or behavioural interventions with either individual or family-based interventions in this review.
Topics
We captured nutritional interventions involving cancer survivors, with or without their family members. We excluded physical activity interventions for cancer survivors and nutritional interventions for childhood cancer patients receiving active treatment as these have been targeted by alternate Cochrane reviews (Braam 2013a; Jones 2010).
Settings
We did not impose any restriction on the settings for the interventions; settings may have included community, home-based or hospital-based interventions.
Delivery
All methods of delivery of the intervention were eligible, including face-to-face, telephone and online interventions. There were no restrictions regarding the interventionist. That is, eligible interventions were those that were delivered by specialist and non-specialist medical and allied health professionals, as well as by other non-health professionals.
Types of comparison
We included studies which compared nutrition interventions to a non-intervention control group that received usual care or another intervention.
Types of outcome measures Primary outcomes
A change in nutritional intake which was measured by one or more of the following.
1 
Search methods for identification of studies
See: Cochrane Childhood Cancer methods used in reviews (Module CCG 2014).
Electronic searches
We searched the following electronic databases: the Cochrane Cen- 
Data collection and analysis
Selection of studies
Two review authors (JC, CW), worked independently, screening all the titles and abstracts resulting from the searches and excluded articles that were clearly irrelevant. The same review authors retrieved full-text copies of all relevant articles and using the defined eligibility criteria, determined their eligibility for inclusion. We resolved any disagreement between review authors on classification of an article between the review authors. Third party arbitration was not necessary. There was a need for clarification of detail of one trial. One of the review authors (JC) contacted the study authors from Rai 2008 to obtain clarification for a complete assessment of the trial's relevance for the review. The reasons for exclusion of any study considered for review are summarised below (Characteristics of excluded studies).
Data extraction and management
Two review authors (JC and CW) independently extracted data, using a standardised form, from each article. For each trial, they extracted the following data. 1. Characteristics of the studies, including the study sponsors and the authors' affiliations, study design, risk of bias items, duration of study, loss to follow-up, and compliance.
2. Characteristics of study population, including country where participants enrolled, inclusion and exclusion criteria, number randomised in each arm, information on the control group, demographic characteristics, type of cancer, age at diagnosis, cancer treatment, time since diagnosis, and time beyond active treatment.
3. Characteristics of the intervention, including type of nutritional intervention, details of the intervention, frequency, duration, intensity, number of sessions, intervention format (i.e. individual or group, professionally led or not, home-or facilitybased), description of control intervention, adherence and contaminations, as well as cointerventions (i.e. physical activity, medication use).
4. Characteristics of the outcomes, as stated previously. We entered and combined the trial data using Review Manager 5 (RevMan 2014). One review author entered the data into RevMan 5 (JC), and another review author worked independently to verify the data entry (CW). We resolved any disagreement between review authors on classification of an article between the review authors. Third party arbitration was not necessary.
Assessment of risk of bias in included studies
Two independent review authors (JC, CW) assessed the validity of each study using the risk of bias items, as described in the module of Cochrane Childhood Cancer (Module CCG 2014), which are based on the risk of bias domains from the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). We reported the following criteria for each trial: adequate sequence generation and allocation concealment (selection bias), masking or blinding of personnel, participants, and outcome assessors (performance or detection bias), incomplete data (attrition bias), and selective outcome reporting (reporting bias). We also assessed baseline imbalance (gender, ethnicity, diagnosis, age, and health behaviour or nutritional intake) and differential diagnostic activity as other potential sources of bias. We assessed these issues as 'low risk of bias', 'high risk of bias', or 'unclear'. We resolved any disagreement between review authors. Third party arbitration was not necessary.
Measures of treatment effect
For continuous outcomes, we assessed the mean difference between groups. For dichotomous outcomes, we assessed relative risk.
Unit of analysis issues
We aimed to include cluster-randomised, cross-over, and repeated measures trials in this analysis, though none of the eligible studies used these methodologies.
Dealing with missing data
It was necessary to contact the authors of the Rai 2008 study to gather further detail on the nutrition intervention. We performed intention-to-treat analysis for all studies.
Assessment of heterogeneity
As we were unable to pool any of the data due to the different outcome measures and interventions between the trials, we were unable to assess heterogeneity using the I 2 analysis.
Assessment of reporting biases
We had planned to assess reporting bias by constructing funnel plots. However, as there were less than 10 studies included in this review, the power of the tests was too low to distinguish chance from real asymmetry (Higgins 2011), and so we did not carry this out.
Data synthesis
We entered the data of the included studies into Review Manager 5 (RevMan 2014). We performed data analysis according to the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). As we were unable to pool the data for a meta-analysis, we provided a narrative summary of the trial findings according to the review objectives. For data that was provided as medians and ranges, we converted the mean difference to mean and standard deviation based on the methodology of Hozo 2005.
GRADE
Two independent review authors used the GRADE system to rate the overall quality of the evidence for each of the following outcomes (Guyatt 2008a; Guyatt 2008b): calcium intake, bone mineral density, use of nutrition as health protective behaviour, junk food intake, milk consumption, and calcium supplementation. The GRADE approach defines the quality of a body of evidence as 'high', 'moderate', 'low' or 'very low'. (Higgins 2011). Factors that may have resulted in a decrease in the quality of evidence included: 1) study limitations; 2) inconsistency; 3) indirectness; 4) imprecision; and 5) publication bias.
Subgroup analysis and investigation of heterogeneity
We had planned to perform subgroup analyses based on the following categories: 1) age at intervention (< 13 years; 13 to 18 years; > 18 years); 2) forms of intervention (face-to-face; phone etc); 3) duration of intervention; 4) childhood cancer type; and 5) type of treatment received. Due to insufficient trials and lack of data in the included studies, we were unable to conduct such analyses.
Sensitivity analysis
As pooling of the results was not possible, we were unable to use sensitivity analyses to explore the impact of the inclusion of studies with a high risk of bias and studies with an unclear risk of bias.
R E S U L T S Description of studies
See: Characteristics of included studies; Characteristics of excluded studies; Characteristics of ongoing studies.
Results of the search
We identified a total of 3607 studies from running the search through three electronic databases: CENTRAL, MEDLINE/ PubMED, and Embase/OVID in April 2013. We identified an additional study from searching the ongoing trial registries. We did not identify any studies upon screening reference lists of relevant articles and reviews. We did not identify any studies from the conference proceedings from the International Pediatric Oncology Society (SIOP) or the International Conference on LongTerm Complications of Treatment of Children and Adolescents for Cancer. Initial screening of the title and abstracts of each study allowed the exclusion of 3598 publications. We obtained ten fulltext articles, of which three studies, described in 6 full-text articles, met the inclusion criteria. Three studies did not meet the inclusion criteria and we classified one of the studies as ongoing. In August 2015 we identified an additional study, which we assessed in fulltext and classified as an ongoing study (see Figure 1 ).
Included studies
We included three studies in this review. All three studies were randomised controlled trials (RCTs). For further details on the studies see Characteristics of included studies.
Participants
A total of 616 participants from the three studies were included in the analysis. One of the studies included participants who had been treated for ALL ( 
Intervention
The timing of the interventions after the childhood cancer therapy varied among the studies. Mays 2012 included participants within two years of diagnosis, Cox 2005 included patients who had completed treatment at least two years prior, and Rai 2008 included participants who had completed treatment at least five years prior. The intervention and timing also varied among the three studies included in this analysis. Two of the studies included interventions that consisted of an initial, single, face-to-face health education session focusing on health behaviour change (Cox 2005; Mays 2011). One of these studies focused on general health behaviours (Cox 2005), such as reducing junk food intake. The individual education session was provided by a clinician or nurse practitioner during a routine visit to the hospital. These participants were giving education reinforcement, via the telephone, at three and six months after the intervention. The other intervention focused on bone health, calcium, and dairy intake, and the final assessment was done one month after the intervention (Mays 2011). The education session was provided in a group setting by a registered Dietitian. The final study had a 36-month follow-up, with the focus of the intervention being on bone health (Rai 2008). The intervention consisted of calcium and vitamin D supplementation. Nutrition education was provided at baseline and every six months for 24 months. At baseline and 12 months postbaseline, the education was given face-to-face by a registered dietitian. At six months and 18 months the nutrition education was in the form of mailed information. For further information on these studies, see Characteristics of included studies. The study of Cox 2005 also included a cointervention of changing the health behaviour practices of smoking cessation, sun protection, and exercise. This study did not have any contraindications. The studies of Mays 2011 and Rai 2008 did not include any cointerventions or contraindications.
Control
Of the three studies included in this review, the control groups of two of those studies received standard care (Cox 2005; Mays 2011). The standard care between these groups did vary. The standard care of the control group for the study of Cox 2005 included late-effects screening and education on their risk factors which was provided during routine clinic visits. The standard care of the control group for the Mays 2011 study was no education on nutrition related risk factors. The control group of the final study received an identical nutrition education component as the intervention group in combination with placebo tablets (Rai 2008).
Outcomes
The primary outcomes of the studies in this review, were dietary/ nutrient intake. The secondary outcomes measured by the included studies were body composition (bone mineral density) and health behaviours. The control group measurements were assessed at the same time points as the intervention groups for all three of the studies. The time points for the outcome measures differed between the studies. The study of Mays 2011 measured their outcomes (milk consumption frequency, calcium supplementation, dietary calcium intake) at baseline and one-month postintervention. The study of Cox 2005 measured their outcomes (frequency of nutrition as a health protective behaviour, frequency of junk food consumption as a health risk behaviour) at baseline and 12 months postintervention. The final study of Rai 2008 measured their outcomes (bone mineral density) at baseline, 12 months, 24 months and 36 months postintervention.
The other secondary outcomes were not addressed in any of the three included studies. These secondary outcomes were: metabolic risk factors, cardiovascular risk factors, changes in knowledge, participant views of the intervention, health status and quality of life, measures of harm, or cost-effectiveness of the intervention. All three studies had different methodologies and different outcomes being measured, and for this reason we were unable to pool the data. For further information on these studies see Characteristics of included studies and Data and analyses.
Excluded studies
We analysed the full-text publications of three studies but subsequently excluded them. Mays 2012 was a validation study and did not include an intervention. Nathan 2009 was a review of the literature and the results of a smoking cessation intervention. The final study included participants on maintenance therapy who had not completed their cancer therapy (Moyer-Mileur 2009). For information on the excluded studies, see Characteristics of excluded studies.
Ongoing studies
We could not include two studies in this review as the data collection is ongoing (NCT01473342; Stern 2015). For further information about these studies, see Characteristics of ongoing studies.
Risk of bias in included studies
See the risk of bias section in Characteristics of included studies and 
Allocation
Two of the studies described an adequate random sequence generation and we assessed them at low risk of bias (Cox 2005; Rai 2008). In the study by Rai 2008, randomisation was completed by the pharmacy after participants had been stratified into sex, race, age, and bone mineral density. The Cox 2005 study used a randomisation procedure that was stratified by gender and age. We assessed the final study as unclear in the use of random sequence generation (Mays 2011). Mays 2011 reported that the participants were randomised, but no further information was provided on the procedure. We assessed two of the studies as having an unclear allocation concealment as there was no mention of the procedures used in the study methodologies (Cox 2005; Mays 2011). The Cox 2005 study referred to the methodology used by another author, though the methods used were still not clear. The Rai 2008 study used a well described randomisation procedure and we assessed this as having a low risk of allocation concealment.
Blinding Performance bias
Due to the nature of the interventions, blinding of personnel or participants was impossible with two of the three studies (Cox 2005; Mays 2011); we assessed both studies as having a high risk of performance bias. In the final study (Rai 2008), participants and personnel were blinded to the intervention, as participants were given a vitamin supplement or a placebo; we assessed this study as having a low risk of performance bias.
Detection Bias
Although personnel cannot be blinded when delivering nutrition interventions such as these, it is possible for detection bias to be minimised by blinding the outcome assessment. The Cox 2005 study did not provide any information regarding blinding of the outcome assessment and the outcome was subjective (a self-reported outcome) and therefore we assessed the blinding of outcome assessment as high risk. In the remaining two studies (Mays 2011; Rai 2008), we assessed detection bias as low risk because the assessors were blinded to the study groups.
Incomplete outcome data
Two of the three studies reported dropouts during the study (Cox 2005; Rai 2008) . No further information was provided on how the missing data were handled and we assessed these studies as having an unclear risk of attrition bias. Although the third study had a short follow-up time of one month and was less likely to have dropouts, no information was provided on study attrition; we assessed this study as having an unclear risk (Mays 2011).
Selective reporting
We assessed Mays 2011 as having a low risk of reporting bias. This study reported data at baseline and follow-up on all outcomes cited in the protocol or methodology section. Cox 2005 presented the results of a secondary analysis, not mentioned in the original protocol (Hudson 2002) and Rai 2008 did not publish all outcomes that were reported on the clinical trials registry. We assessed these two studies to be at high risk of reporting bias.
Other potential sources of bias
We assessed all studies for baseline imbalances and differential diagnostic activity as other potential sources of bias. In regards to baseline imbalances, there was no significant difference between the baseline data between the intervention and the control group for all studies (Cox 2005; Mays 2011; Rai 2008). We assessed all three studies as being at low risk for baseline imbalances.
We classified all three studies at low risk of bias for differential diagnostic activity because the studies performed the same assessments in the intervention and the control group at all time points 
Effects of interventions
The three studies included in this review focused on different outcomes. We were unable to pool the data and the findings reported were from individual studies only.
Primary Outcome Change in nutritional intake
Calcium intake was the only nutrient that was assessed across any of the studies (Mays 2011). Use of a single, group-based behaviour change intervention showed no statistically significant difference in the calcium intake (as measured by a 24-hour recall) between the intervention (n = 38) and control group (n = 37) at the one-month follow-up (mean difference (MD) 111.60, 95% confidence interval (CI) -258.97 to 482.17; P = 0.56, low quality evidence) (Mays 2011; Figure 4 ). We downgraded the quality of the evidence for study limitations and imprecision (Table 1) . After regression analysis, adjusting for baseline calcium intake and changes in knowledge and self-efficacy, there was a significantly greater calcium intake for the intervention as compared with the control group at the one-month follow-up (beta coefficient 4.92, 95% CI 0.33 to 9.52; P = 0.04) Mays 2011. 
Secondary Outcome
Metabolic risk factors
This outcome was not assessed in any of the included studies.
Cardiovascular risk factors
Measures of weight and body fat distribution
Body composition was used as an outcome measure in one study (Rai 2008) . The data were provided as medians and ranges. We converted the data to mean and standard deviation based on the methodology of Hozo 2005. There was no statistically significant difference in bone mineral density (measured with a DEXA scan) at the 36-month follow-up (MD -0.05, 95% CI -0.26 to 0.16; P = 0.64, moderate quality evidence) between those who received the calcium and vitamin D supplementation in conjunction with nutrition education (n = 141) and those participants who received nutrition education alone (n = 134) (Rai 2008; Figure 5 ). We downgraded the quality of the evidence due to imprecision (Table  1) . There was no statistically significant difference in bone mineral density between the intervention and the control group at the 12-month (median difference -0.17, P = 0.99) and 24-month followup (median difference -0.04, P = 0.54). 
Behavioural Change
The behaviour change outcome was assessed in two studies. In the first study, health behaviour was measured using single questions on a four-point Likert scale (Cox 2005). The participants were asked how often they engaged in health practising behaviours and rated this from 1 = never to 4 = always. A single, face-to-face, multi-component health behaviour change intervention with two telephone follow-ups brought about no statistically significant difference in the use of nutrition as a health protective behaviour (n = 131) compared with those who received standard care (n = 135) (MD -0.05, 95% CI -0.24 to 0.14; P = 0.60, low quality evidence) (Cox 2005; Figure 6 ). We downgraded the quality of the evidence due to study limitations and imprecision ( Table 1) . The same intervention brought about a statistically significant reduction in self-reported junk food intake (measured on a fourpoint Likert scale: 1 = never to 4 = always) in the intervention (n = 131) compared with the control group (n = 135) (MD -0.17, 95% CI -0.33 to -0.01; P = 0.04, low quality evidence) (Figure 7) . We downgraded the quality of the evidence due to study limitations and imprecision (Table 1 ). 
Behavioural change (junk food)
A single, face-to-face, group-based health behaviour session focusing on bone health brought about a statistically significant increase in the intervention group's self-reported milk consumption (measured in number of days) (MD 0.43, 95% CI 0.07 to 0.79; P = 0.02, low quality evidence) as compared with those who received standard care (Mays 2011; Figure 8 ). We downgraded thequality of the evidence due to study limitations and imprecision ( Table 1) . The intervention was also effective in increasing the participants days on calcium supplementation (MD 11.42, 95% CI 7.11 to 15.73; P < 0.00001) (Figure 9 ). There was a statistically significant increase in calcium supplementation in the group that received the education sessions compared with those who received standard care (risk ratio (RR) 3.35, 95% CI 1.86 to 6.04; P < 0.0001, low quality evidence) (Figure 10 ). We downgraded the quality of the evidence due to study limitations and imprecision (Table 1) . A total of 31 participants took some form of calcium supplementation after the intervention and nine participants took some form of calcium supplementation in the standard care group. 
Changes in knowledge regarding disease risk and nutritional intake
Participant views of the intervention
Measures of health status and quality of life
Measures of harm associated with the process or outcomes of the intervention
Cost-effectiveness of the intervention
D I S C U S S I O N
Summary of main results
Childhood cancer survivors are at higher risk of health conditions such as osteoporosis, metabolic syndrome, endocrine disorders, and cardiovascular disease than their peers (Nathan 2009). Tar . These studies utilised differing methodologies, and as a consequence, we were unable to pool results. The interventions that appeared to bring about a significant positive change were those that focused on health behaviour change. A single, group-based health behaviour education session significantly increased self-reported milk intake (mean difference (MD) 0.43, 95% confidence interval (CI) 0.07 to 0.79; P = 0.02), use of calcium supplementation (risk ratio (RR) 3.35, 95% CI 1.86 to 6.04; P < 0.0001), and the number of days on calcium supplementation (MD 11.42, 95% CI 7.11 to 15.73; P < 0.00001) as compared with standard care (Mays 2011). The intervention did not improve calcium intake (MD 111.60, 95% CI -258.97 to 482.17; P = 0.56), though a regression analysis, adjusting for baseline calcium intake and changes in knowledge and self-efficacy, found a significantly greater calcium intake for the intervention as compared with the control group at the one month follow-up (beta coefficient 4.92, 95% CI 0.33 to 9.52; P = 0.04). This study had a short follow-up time of one month and the effect of the intervention long-term was not assessed.
A face-to-face, multi-component health behaviour session with two telephone follow-ups with education reinforcement, over a 12-month period, reduced self-reported junk food intake (MD -0.17, 95% CI -0.33 to -0.01; P = 0.04) but did not improve childhood cancer survivors' use of nutrition as a health-protecting behaviour (MD -0.05, 95% CI -0.24 to 0.14; P = 0.60) as compared with standard care (Cox 2005). The Rai 2008 study was the only study to assess the efficacy of nutritional supplementation on childhood cancer survivors' body composition. This study was a randomised, double-blind randomised controlled trial (RCT) of calcium and vitamin D supplementation versus placebo. Both the intervention and control group received nutrition education by a registered dietitian. There was no statistically significant difference on bone mineral density as measured by dual-energy X-ray absorptiometry (DEXA) between the intervention and the control group at the 36-month follow-up (MD -0.05, 95% CI -0.26 to 0.16; P = 0.64). There was also no statistically significant difference in bone mineral density between the intervention and the control group at the 12-month (median difference -0.17, P = 0.99) and 24-month followup (median difference -0.04, P = 0.54).
Overall completeness and applicability of evidence
This review does not provide evidence that the nutritional interventions used in these studies improved dietary intake or body composition in childhood cancer survivors. The Mays 2011 study was the only included study that assessed the primary outcome of a change in nutritional intake. Mays 2011 found no statistically significant improvement in calcium intake with a single, groupbased, education session. Although a regression analysis, adjusting for baseline calcium intake and changes in knowledge and self-efficacy, found a significantly greater calcium intake for the intervention as compared with the control group at the one month followup.The study had a short follow-up time of one month and longterm compliance with the nutritional changes were not assessed. There was a modest, positive effect for health behaviour change interventions on improving self-reported health behaviours such as junk food consumption (Cox 2005), and milk intake (Mays 2011). As the results of the Cox 2005 study were based on a secondary analysis, these results do need to be interpreted with caution. Although no statistically significant differences were found for many of the outcomes, this could be the result of low power in the studies. It should be noted that no evidence of effect is not the same as evidence of no effect. The following outcomes were not assessed in any of the included studies: metabolic and cardiovascular markers, changes in knowledge, participant views of the intervention, health status and quality of life, measures of harm, or the cost-effectiveness of the intervention.
The two studies that did show a positive change in health behaviours may not be applicable in all settings. The intervention required an initial face-to-face information session. 
Quality of the evidence
By applying the GRADE criteria (Guyatt 2008a; Guyatt 2008b), the quality of findings varied between moderate (bone mineral density) and low (all other outcomes). We downgraded all outcomes one level for imprecision. Due to lack of blinding of participants, personnel, and outcome assessors, we further downgraded the quality of evidence for the outcomes 'self-reported nutrition' and 'junk food'. Due to lack of details regarding the randomisation procedure and lack of blinding of participants and personnel', we also downgraded the outcomes 'calcium intake', 'milk consumption', and 'calcium supplementation' to low quality. The Cox 2005 study had a high risk of reporting bias (results were from a secondary analysis), performance bias (inadequate blinding of personnel) and detection bias (inadequate blinding of outcome assessors). The Cox 2005 study had unclear selection bias and attrition bias. Results from this study therefore need to be interpreted with caution. The Rai 2008 study was the only study that we assessed as having a low risk of performance bias, as both the participants and personnel were blinded; the other two studies were at high risk of performance bias. Although it is difficult to blind participants to the intervention due to the nature of many nutritional trials, two studies blinded the assessors ( 
Potential biases in the review process
We developed the search strategies for the electronic databases (CENTRAL, MEDLINE/PubMED, Embase/OVID) in collaboration with Cochrane Childhood Cancer. We undertook additional searching of clinical trial databases, reference lists, and proceedings from conferences. Although it is always possible that we have not identified all studies, an earlier published review did not identify any different additional interventions prior to 2010 (Stolley 2010).
Agreements and disagreements with other studies or reviews
Only one other review paper was identified in the literature systematically reviewing diet (and exercise) in childhood cancer survivors (Stolley 2010). This review included studies that focused on diet in childhood cancer survivors, though the majority of these were observational studies and unable to be included in the current review. They identified one nutritional intervention in childhood cancer survivors which was also included in our review 
A U T H O R S ' C O N C L U S I O N S Implications for practice
Due to a paucity of research and the heterogeneity of the studies included in this review, the review authors are unable to draw conclusions regarding the effectiveness of nutritional interventions for childhood cancer survivors. Although there is weak evidence for the improvement in health behaviours using health behaviour change interventions, there remains no evidence as to whether this translates into an improvement in dietary intake.
It is important to note that no evidence of effect is not the same as evidence of no effect. Many outcomes were not assessed in the included studies. We are unable to conclude whether nutritional interventions can reduce the risk of long-term conditions, such as cardiovascular disease and metabolic syndrome in survivors of childhood cancer.
Implications for research
This review highlights the need for further intervention trials to be implemented in this population. More robust research methodology is required to determine whether dietary changes can occur in survivors of childhood cancer and whether these can reduce their risk of long-term health issues. The use of a randomised design with blinding of personnel to the outcome measures is possible with this type of nutritional intervention and is recommended in future studies. It is also suggested that future studies utilise validated measures of dietary intake. Objective measures of body composition, cardiovascular, and metabolic risk should also be included as outcome measures in these studies.
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R E F E R E N C E S
References to studies included in this review
C H A R A C T E R I S T I C S O F S T U D I E S Characteristics of included studies [ordered by study ID]
Intervention
The intervention consisted of standard care plus a single multi-behavioural intervention provided by a clinical physician or nurse practitioner during a routine visit to the longterm follow-up clinic. The multi-behavioural intervention consisted of: 1. discussion of after therapy clinical summary 2. health behaviour training of health goal 3. health goal commitment to practice Telephone reinforcement of the education was provided at 3 and 6 months after their 
Risk of bias
Bias
Authors' judgement Support for judgement
Random sequence generation (selection bias)
Low risk Quote: " The randomisation was stratified by gender and age because of the clinical impression that risk perception could carry by gender or age"
Allocation concealment (selection bias) Unclear risk Comment: Although randomisation was performed using the procedure as set out by Zelen 1974, it was unclear which actual randomisation technique was used Incomplete outcome data (attrition bias) All outcomes
Unclear risk Comment: The study reported that five participants (four in the intervention group and one in the control group) were lost to follow-up. There was no discussion on how this data were handled. We were unable to assess how this would influence the outcome or whether this would have a clinically relevant effect 
Interventions
Intervention
The intervention consisted of a single half-day, group workshop in addition to standard care. The workshop was given by a registered dietitian. The workshop included an interactive behavioural session and focused on risk reducing health promotion behaviours. The workshop had a focus on bone health Cointerventions: None Contrainidications: None
Control group
The control group received standard care and were offered the intervention at the conclusion of the study Outcomes The outcomes were measured at baseline and 1 month postintervention for both the intervention and control groups. These outcomes were: A) change in nutritional intake: 1) dietary calcium intake measured with 24-hour recall B) behaviour change: 1) milk consumption frequency 2) use of calcium supplementation
Notes
Study sponsors
American Cancer Society Lance Armstrong Foundation National Cancer Institute (CA091831)
Risk of bias
Bias
Authors' judgement Support for judgement
Unclear risk Comment: The paper states that the participants were randomly allocated but no further information on the methodology was provided All participants will take part in the 8-week control phase where they will complete initial data collection Intervention:
The intervention will commence after the 8-week control phased has finished and will run for 9 weeks. The participants will receive a smart phone which contains the Mila Blooms gaming app. The app consists of: 1. tools for tracking health behaviours 2. avatar system to provide virtual rewards 3. social network of users for support Participants will also receive weekly coaching telephone calls to help with goal-setting and compliance
Outcomes
Healthy 
A D D I T I O N A L T A B L E S
Appendix 3. Search strategy for EMBASE (OVID)
[mp = title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer name; sh = subject heading; ti,ab = title or abstract; / = Emtree term; $= zero to many characters; co = complication; dt = drug therapy; rt = radiotherapy; si = side effect; th = therapy; RCT = randomized controlled trial; CCT = controlled clinical trial]
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S O U R C E S O F S U P P O R T Internal sources
• There are no internal sources of support, Other.
External sources
• There are no external sources of support, Other.
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